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LIGHT— EMITTING APPARATUS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a light-emitting 

apparatus. Particularly, it relates to a light-emitting 
apparatus which can emit white light as a whole by using a group 
III nitride compound semiconductor light-emitting device and 
a fluorescent material in combination. 
10 The present application is based on Japanese Patent 

Applications No. Hei. 11-249350 and 11-359920 , which are 
incorporated herein by reference. 

2 . Description of the Related Art 

A light-emitting apparatus which can emit white light 
15 by using a blue light-emitting diode and a fluorescent material 
of photoluminescence in combination has been disclosed in 
Unexamined Japanese Patent Publication No. Hei. 10-242513. In 
the light-emitting apparatus described in 10-242513, an 
yttrium-aluminum-garnet fluorescent material activated by 
2 0 cerium ( Ce ) to absorb light emitted from the blue light-emitting 
diode and emit yellow light is used as the fluorescent material 
so that the blue light emitted from the light-emitting diode 
and the yellow light emitted from the fluorescent material are 
mixed together to thereby generate white light. 
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SUMMARY OF THE INVENTION 
The inventors of the present invention have eagerly 
investigated various combinations of light -emitting devices 
and fluorescent materials to provide a novel configuration of 
5 a light-emitting apparatus which can emit white light. 

As a result, it has been found that there is a ZnS 
fluorescent material which exhibits an absorption spectrum to 
light emitted from a light-emitting device and which emits light 
when excited by the light emitted from the light-emitting device 
10 so that the light emitted from the fluorescent material and 
the light emitted from the light-emitting device are mixed 
together to thereby generate white light. 

The present invention is a fruit of the aforementioned 
investigation. The configuration according to a first aspect 
15 of the present invention is as follows. That is, there is 
provided a light-emitting apparatus comprising : a primary light 
source including a semiconductor light-emitting device with 
an emission wavelength of from 380 nm to 500 nm; and a secondary 
light source including a f luorescentmaterial composed of ZnS : Cu , 
20 Au, Al; wherein the secondary light source emits light on the 
basis of light given from the primary light source so that light 
of the secondary light source and the light of the primary light 
source are mixed together to thereby generate light different 
in luminescent color from the light emitted from the primary 
25 light source. 
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According to the aforementioned configuration, the 
fluorescent material emits light different in wavelength from 
light emitted from the primary light source when excited by 
the light emitted from the primary light source. Hence, the 
5 light emitted from the secondary light source including the 
fluorescent material and the light emitted from the primary 
light source are mixed together, so that light different in 
luminescent color from the light emitted from the primary light 
source is taken out. Because a fluorescent material excited 

10 efficiently by light with an emission wavelength of from 380 
nm to 500 nm to thereby emit light is used as the fluorescent 
material, a light-emitting apparatus of high luminance and high 
efficiency is obtained. 

Moreover, according to the inventors' investigation, it 

15 has been found that a red component of light emitted from a 
fluorescent material becomes rich when ZnS:Eu, YV0 4 :Ce or 
Y 2 0 2 S:Ce is used as the fluorescent material. 

A material for forming a semiconductor light-emitting 
device constituting a primary light source is not particularly 

20 limited but, for example, a material with an emission wavelength 
of from 380 nm to 500 nm is used. Preferably, a material with 
an emission wavelength of from 420 nm to 490 nm is used. More 
preferably, a material with an emission wavelength of from 450 
nm to 475 nm is used. 

25 A group III nitride compound semiconductor is preferably 
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used as the semiconductor light-emitting device. The "group 
III nitride compound semiconductor light-emitting device" 
means a semiconductor light-emitting device having a group III 
nitride compound semiconductor layer. The group III nitride 
5 compound semiconductor is represented by the general formula 
AlxGaylni-x-YN (O^X^l, O^Y^l, O^X+Y^l), which includes 
so-called binary compounds such as AlN, GaN and InN, and 
so-called ternary compounds such as Al x Gai_ x N, Al x Ini_ x N and 
Ga x Ini_ x N (O^X^l in above). The group III elements may be 

10- partially replaced by boron (B) , thallium (Tl) . The nitrogen 
(N) may be partially replaced by phosphorus (P) , arsenic (As), 
antimony (Sb) , bismuth (Bi) . A device function portion of the 
light-emitting device is preferably constituted by a binary 
or ternary group III nitride compound semiconductor described 

15 above. 

The group III nitride compound semiconductor may contain 
any optional dopant. Si, Ge, Se, Te, C may be used as n-type 
impurities. Mg, Zn, Be, Ca, Sr, Ba may be used as p-type 
impurities. Incidentally, after doped with p-type impurities, 
20 the group III nitride compound semiconductor may be subjected 
to electron beam irradiation, plasma irradiation or heat by 
a furnace. 

The group III nitride compound semiconductor maybe formed 
by a metal organic chemical vapor deposition method (MOCVD 
25 method) or may be formed by any other known method such as a 
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molecular beam epitaxy met hod ( MBE method ) , a halide vapor phase 
epitaxy method (HVPE method), a sputtering method, an 
ion-plating method, an electron shower method. 

Amaterial of a substrate for growing the group III nitride 
5 compound semiconductor layer is not particularly limited so 
long as the group III nitride compound semiconductor layer can 
be grown on the substrate. Examples of the material of the 
substrate include sapphire, spinel, silicon, silicon carbide, 
zinc oxide, gallium phosphide, gallium arsenide, magnesium 

10 oxide, manganese oxide, group III nitride compound 

semiconductor single crystal. Especially, a sapphire 
substrate is preferably used. More especially, face a of a 
sapphire substrate is preferably used. 

A fluorescent material contained in a secondary light 

15 source is composed of at least one member selected from the 
group consisting of ZnS:Cu, Au, Al; ZnS:Cu, Al; ZnS:Cu; ZnSrMn; 
ZnS:Eu; YV0 4 :Eu; YV0 4 :Ce; Y 2 0 2 S:Eu and Y 2 0 2 S:Ce. The "ZnS:Cu, 
Au, Al" means a ZnS fluorescent material of photoluminescence 
having ZnS as a base and activated by Cu, Au and Al respectively. 

20 The "ZnS:Cu, Al" , "ZnS:Cu", "ZnSrMn" and "ZnS:Eu" mean 

fluorescent materials of photoluminescence having ZnS as a base 
and activated by Cu and Al, by Cu, by Mn and by Eu respectively. 
Similarly, the "YV0 4 :Eu" and "YV0 4 :Ce" mean fluorescent 
materials of photoluminescence having YV0 4 as a base and 

25 activated by Eu and by Ce respectively. Similarly, the 
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"Y 2 0 2 S:Eu" and "Y 2 0 2 S:Ce" mean fluorescent materials having Y 2 0 2 
as a base and activated by Eu and by Ce respectively. Each 
of these fluorescent materials has an absorption spectrum to 
light in a wavelength range of from blue to green and emits 
light with a wavelength longer than the excitation wavelength . 

Among the aforementioned fluorescent materials, ZnS:Eu, 
YV0 4 :Ce and Y 2 0 2 S:Ce exhibit longer emission wavelengths than 
the other fluorescent materials when excited by light in a 
wavelength range of from blue to green. That is, the color 
of light emitted from ZnS:Eu, YV0 4 :Ce or Y 2 0 2 S:Ce is redder, 
so that mixture light of the light emitted from these fluorescent 
materials and the light emitted from the primary light source 
becomes whiter. Hence, at least one member selected from the 
group consisting of ZnS:Eu, YV0 4 :Ce and Y 2 0 2 S:Ce is preferably 
used as the fluorescent material in order to obtain whiter 
emission light . 

The secondary light source including the fluorescent 
material is provided in a position to be irradiated with light 
emitted from the primary light source. The secondary light 
source emits light when excited by the light emitted from the 
primary light source. The light emitted from the secondary 
light source and the light emitted from the primary light source 
are mixed together so that light of a color different from the 
color of the primary light source is generated as a whole. If 
a light-emitting device with a different emission wavelength 



is used, the luminescent color to be obtained can be changed. 
If the composition of the fluorescent material is changed, the 
luminescent color can be also changed. 

The use of the ZnS fluorescent material has the following 
5 advantage compared with the case where a rare-earth 

element-activated fluorescent material is used as another 
typical fluorescent material. The ZnS fluorescent material 
does not need a large concentration of the activator compared 
with the rare-earth element-activated fluorescent material. 

10 Hence, ZnS synthesized in advance is used, so that dispersion 
of the activator into the ZnS lattice and growth of ZnS particles 
are performed by sintering. On the other hand, .most of 
rare-earth element-activated fluorescent materials need a 
relatively complex reaction in which generation of compounds , 

15 dispersion of the activator and growth of particles are performed 
by sintering. Moreover, the sintering temperature for the ZnS 
fluorescent material is generally lower. Thus, the use of the 
ZnS fluorescent material is advantageous in terms of synthesis 
of the fluorescent material. 

20 In use , the fluorescent material is dispersed into a layer 

composed of a light -transmissible material. Examples of the 
light-transmissible material to be used are epoxy resin, 
silicone resin, urea resin, glass. It is a matter of course 
that one material selected from these materials may be used 

2 5 singly . Moreover , a plurality of materials selected optionally 
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from these materials may be used in combination. 

The concentration distribution of the fluorescent 
material in the light-transmissible material can be changed 
in accordance with the purpose of use, the working condition. 
That is, the amount of the fluorescent material is changed 
continuously or stepwise as the location of the fluorescent 
material comes nearer the light-emitting device . For example , 
the concentration of the fluorescent material in a portion nearer 
the light-emitting device is made higher. In this case, the 
fluorescent material can be efficiently irradiated with light 
emitted from the light-emitting device. The fluorescent 
material is, however, easily affected by heat generated in the 
light-emitting device , so that deterioration of the fluorescent 
material becomes a subject of discussion. When the 
concentration of the fluorescent material is contrariwise set 
to decrease as the location of the fluorescent material comes 
nearer the light-emitting device, deterioration of the 
fluorescent material caused by heat generated in the 
light-emitting device is suppressed. 

The layer composed of the light-transmissible material 
containing the fluorescent material is provided in a direction 
of light emission of the primary light source. The layer is 
preferably formed so as to cover the light emission side of 
the primary light source. Another layer of a 
light -transmissible material or a space may be provided between 



the layer and the primary light source. 

As described above, the secondary light source is 
constituted by a layer of a light-transmissible material 
containing a specific fluorescent material dispersed into the 
layer . When light emitted from the primary light source passes 
through the layer, the light emitted from the primary light 
source and the light emitted from the secondary light source 
are mixed together automatically in the layer. The mode for 
mixing the light of the primary light source and the light of 
the secondary light source is, however, not limited to the above 
description . For example, the fluorescent material is disposed 
in the form of islands in the surrounds of the primary light 
source. Light emitted from the primary light source may go 
between islands of the fluorescent material so that the light 
of the primary light source and light emitted from the 
fluorescent material can be mixed together in a sealing member . 
In this case, the light of the primary light source is not 
transmitted through the islands of the fluorescent material. 
Alternatively, in the light-emitting apparatus, the 
fluorescent material may be disposed in a position out of the 
optical axis of the light emitted from the primary light source 
and the light emitted from the fluorescent material is condensed 
in a direction of the optical axis by use of a reflection plate 
so that the light of the primary light source and the light 
of the fluorescent material as the secondary light source are 



mixed . 

The light-emitting apparatus according to the present 
invention may be applied to a light-emitting diode display device 
( hereinafter referred to as "LED display device" ) which displays 
5 white with high density and high precision. In the 

background-art full-color LED display device, respective LEDs 
for red, green and blue (RGB) were used in combination as one 
pixel so that white light emission was obtained by mixture of 
the colors of light emitted from the respective LEDs. That 

10 is, light emission from three LEDs was required for display 
of white, so that the display region for white light was large 
compared with the display region for light emission of a single 
color such as green, red. Hence, white could not be displayed 
with precision so high as green. 

15 There is a possibility that white light emission can be 

achieved singly by the light-emitting apparatus according to 
the present invention. Hence, when the light-emitting 
apparatus according to the present invention is used in 
combination with respective RGB LEDs, white display can be 

20 obtained with density and precision as high as emission light 
of green, red. Moreover, there is an advantage that white 
display can be adjusted by control of the lighting condition 
of one light-emitting device . Moreover, because white display 
is not obtained by mixture of the colors of the light emitted 

25 from respective RGB LEDs as in the background art, the visual 
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color can be prevented from changing in accordance with the 
viewing angle and color irregularity can be reduced. In 
addition, when the light-emitting apparatus according to the 
present invention is used in combination with respective RGB 
5 IJEDs , white display by mixture of RGB colors and white display 
by the light-emitting apparatus can be performed simultaneously 
so that improvement of light intensity and luminance in white 
display can be achieved. 

A second aspect of the present invention will be described 

10 below. 

The inventors of the present invention have made, 
investigation more in detail to obtain white light emission 
with high luminance. As a result, the following problem to 
be solved has been found. That is, in the configuration 

15 according to the first aspect of the present invention, a part 
of light emitted from a semiconductor blue light-emitting device 
excites a fluorescent material to emit light so that the light 
emitted from the fluorescent material and the light directly 
taken out from the semiconductor light-emitting device are mixed 

20 together to thereby obtain white light emission. The emission 
spectrum of the fluorescent material used in the first aspect 
of the present invention and excited by blue light, however, 
has a peak in a wavelength range of from yellow to green . Hence , 
the light obtained by mixture of the light emitted from the 

25 excited fluorescent material and the light emitted from the 
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semiconductor blue light-emitting device was bluish white . In 
other words, a red component of the white light emission 
according to the first aspect of the present invention was so 
weak that it could not be safely that the white light emission 
was the most suitable as a white light source for illumination. 
Particularly when the light-emitting apparatus according to 
the first aspect of the present invention was used as a 
back-lighting unit of a full-color liquid-crystal display, 
there was a problem that display of red becomes weak. 

The second aspect of the present invention is provided 
to solve the aforementioned problem. An object of the present 
invention is to provide a light-emitting apparatus which can 
emit white light, more preferably as a white light source for 
illumination . The configuration thereof is as follows . That 
is, there is provided a light-emitting apparatus which . 
comprises : a primary light source including a semiconductor 
light-emitting device for emitting blue light ; a secondary light 
source including a first fluorescent material for absorbing 
light of the primary light source and emitting green light; 
and a tertiary light source for emitting red light; wherein 
light of the primary light source, light of the secondary light 
source and light of the tertiary light source are mixed together 
to thereby generate white light. 

According to the aforementioned configuration, red light 
emitted from the tertiary light source is supplied, in addition, 
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to blue light emitted from -the semiconductor light-emitting 
device as the primary light source and green light emitted from 
the fluorescent material excited by a part of the blue light 
as the secondary light source. As a result, three kinds of 
RGB light as three primary colors of light can be mixed with 
good balance to thereby obtain good-quality white light. 
Moreover, the f luorescent material which is used as the secondary 
light source converts blue light into green light. Because 
the conversion of blue light into green light is performed 
efficiently, blue light emitted from the primary light source 
can be utilized effectively. As a result, a high-luminance 
light-emitting apparatus can be provided. 

Assume now that LEDs are used as light-emitting devices. 
At present, the light output of a blue LED is very. larger than 
the light output of a red LED. When a part of light, emitted 
from the blue LED as the primary light source is used for exciting 
the fluorescent material as shown in the second aspect of the 
present invention, the blue light component is reduced so that 
the primary light source can be balanced, in terms of light 
emission, with the tertiary light source which emits red light. 
In other words, the blue LED can be made to emit light with 
full power approximately. As a result, the intensity of green 
light emitted from the fluorescent material becomes high, so 
that the light-emitting apparatus can be operated efficiently. 

The configuration of the primary light source and the 
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method for forming the primary light source are the same as 
those of the primary light source according to the first aspect 
of the present invention. 

The first fluorescent material contained in the secondary 
light source can emit green light when excited by blue light. 
Preferably, the fluorescent material is composed of at least 
one member selected from the group consisting of ZnS:Cu, Au, 
Al; ZnS:Cu, Al; ZnS:Cu; ZnS:Mn; ZnS:Eu; YV0 4 :Eu; YV0 4 :Ce; 
Y 2 0 2 S :Eu and Y 2 0 2 S :Ce. Each of these fluorescent materials has 
an absorption spectrum to blue light (from blue to blue-green) 
and emits green light with a wavelength longer than the 
excitation wavelength. 

.The secondary light source including the first 
fluorescent material is provided in a position to be irradiated 
with light emitted from the primary light source and emits light 
when excited by the light emitted from the primary light source . 
The light emitted from the secondary light source, the light 
emitted from the primary light source and light emitted from 
the tertiary light source which will be described later are 
mixed together so that white light emission is obtained as a 
whole. If a light-emitting device with a different emission 
wavelength is used as the primary light source, the resulting 
light color can be changed. If the composition of the 
fluorescent material is changed, the resulting light color can 
be also changed. 
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As explained above in the first aspect of the present 
invention, the use of the ZnS fluorescent material is 
advantageous , in terms of synthesis of the fluorescent material , 
to the use of a rare-earth element-activated fluorescent 
material as another typical fluorescent material. 

The method for arranging the first fluorescent material 
is the same as that in the first aspect of the present invention. 
The first fluorescent material may be dispersed into a layer 
composed of a light-transmissible material or may be disposed 
in the form of islands around the primary light source. The 
concentration distribution of the fluorescent material can be 
changed in accordance with the position relative to the primary 
light source in the same manner as in the first aspect of the 
present invention. 

A second fluorescent material or semiconductor 
light-emitting device can be used as the tertiary light source. 
The second fluorescent material can emit pink or red light when 
excited by blue light. Preferably, CaS:Eu is used as in the 
second fluorescent material. The second fluorescent material 
is provided in a position to be irradiated with light emitted 
from the primary light source in the same manner as in the first 
fluorescent material and emits light when excited by the light 
emitted from the primary light source . The method for arranging 
the second fluorescent material is the same as that of the first 
f luorescentmaterial . That is, the second f luore scent mater ia 1 
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may be dispersed into a layer- composed of a light-transmissible 
material or may be disposed in the form of islands around the 
primary light source. Preferably, the second fluorescent 
material is dispersed into the light-transmissible layer in 
which the first fluorescent material constituting the secondary 
light source is dispersed. In other words, a 
light-transmissible layer in which two kinds of fluorescent 
materials constituting the secondary and tertiary light sources 
respectively are dispersed is provided around the primary light 
source . It is a matter of course that two layers having 
fluorescent materials dispersed respectively are provided 
around the primary light source. Incidentally, the 
concentration distribution of the second fluorescent material 
can be changed in accordance with the position relative to the 
primary light source in the same manner as in the first 
fluorescent material. 

The semiconductor light-emitting device used as the 
tertiary light source is not particularly limited so long as 
the semiconductor light-emitting device can emit red light. 
A known device can be used as the semiconductor light-emitting 
device. For example, a device of gallium-aluminum-arsenic is 
used. 

The method for arranging the semiconductor red 
light-emitting device is not particularly limited . Preferably , 
the semiconductor red light-emitting device is disposed 
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adjacently to or around the primary light source. Further, 
the positional relation of the semiconductor red light-emitting 
device with respect to the secondary light source is not 
particularly limited. When, for example, a layer containing 
5 the first fluorescent material is formed as the secondary light 
source , the layer may be provided around the primary light source 
whereas the tertiary light source having the red light-emitting 
device may be provided separately from the layer. 
Alternatively, the primary light source and the tertiary light 

10 source may be provided adjacently to each other whereas the 
layer containing the first fluorescent material may be formed 
around .the two light sources. More alternatively, light . 
emitted from the primary light source and light emitted from 
the tertiary light source may be collected once so that the 

15 first fluorescent material can be irradiated with a part of 
the collected light. In this case, the secondary light source 
is disposed at a predetermined distance from the primary and 
tertiary light sources . 

The secondary fluorescent material and the semiconductor 

20 red light-emitting device may be used in combination as the 
tertiary light source . In such a configuration , the light color 
of the light-emitting apparatus as a whole can be controlled 
by adjustment of the lighting condition of the semiconductor 
red light-emitting device. 

25 Features and advantages of the invention will be evident 
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from the following detailed description of the preferred 
embodiments described in conjunction with the attached 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a view showing a light-emitting apparatus 1 
as an embodiment according to a first aspect of the present 
invention; 

Fig. 2 is a schematic sectional view of a light-emitting 
device 10 used in the light-emitting apparatus 1; 

Fig. 3 is a schematic sectional view of another 
configuration of a light-emitting device 100 having a reflection 
layer -just under the light-emitting .layer; 

Fig. 4 is a schematic sectional view of a light-emitting 
device 101 having a reflection layer on a surface of the substrate 
on which any semiconductor layer is not formed; 

Fig. 5 is a partly enlarged view of a light-emitting 
apparatus which uses a planer type Zener light-emitting device 
150 as another embodiment according to the first aspect of the 
present invention; 

Fig. 6 is a view showing a chip type LED 3 as a further 
embodiment according to the first aspect of the present 
invention; 

Fig. 7 is a partly enlarged view of a display device 200 
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as a further embodiment according to the first aspect of the 
present invention; 

Fig. 8 is a view showing circuit configuration of the 
display device 200; 

Fig. 9 is a view showing a signal machine 300 as a further 
embodiment according to the first aspect of the present 
invention ; 

Figs. 10A and 10B are views showing a linear light source 
400 and a surface light source 500 as a further embodiment 
according to the first aspect of the present invention; 

Fig. 11 is a view showing a color conversion filter 600 
as a further embodiment according to the first aspect of the 
present invention; 

Fig. 12 is a view showing a cap type light-emitting 
apparatus 7 00 as a further embodiment according to the first 
aspect of the present invention; 

Fig. 13 is a view showing a light-emitting apparatus 750 
as an embodiment according to a second aspect of the present 
invention; 

Fig. 14 is a view showing another configuration of a 
light-emitting apparatus 760; 

Fig. 15 is a view showing a light-emitting apparatus 800 
as an embodiment according to the second aspect of the present 
invention; 

Fig. 16 is a schematic sectional view of a red 
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light-emitting device 810 used in the light-emitting apparatus 
800; 

Fig. 17 is a view showing another configuration of a 
light-emitting apparatus 806; 

Fig. 18 is a view showing a chip type LED 807 as another 
embodiment according to the second aspect of the present 
invention; 

Fig. 19 is a view showing a surface light source 900 used 
in a full-color liquid-crystal display as a further embodiment 
according to the second aspect of the present invention; and 
. Fig. 20 is a sectional view taken along the line I-I in 
Fig- 19 and similarly showing the surface light source 900. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The configuration of the present invention will be 
described below more in detail in connection with the following 
embodiments . 
Embodiment 1 

Fig. 1 is a view showing a light-emitting apparatus 1 
as an embodiment according to a first aspect of the present 
invention . Fig . 2 is a sectional view showing a light-emitting 
device 10 used in the light-emitting apparatus 1. 

Specifications of respective layers in the 
light-emitting device 10 are as follows. 
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Layer 


Composition 


Dopant 


(Thickness) 


p-type layer 15 


p-GaN 


Mg 


(0.3 juva.) 


Light-emitting layer 14 


Superlattice structure 


Quantum well layer 


Ino.isGao.ssN 




(3.5 nm) 


Barrier layer 


GaN 




(3.5 nm) 


The number of repetition of quantum well and barrier layers : 
1 to 10 


n-type layer 13 


n-GaN 


Si 


(4 jum) 


Buffer layer 12 


A1N 




(10 nm) 


Substrate 11 


Sapphire 




(300 ^m) 



The buffer layer 12 is used for growing a high-quality 
semiconductor layer and is formed on a surface of the substrate 

II by a known method such as an MOCVD method. Although this 
5 embodiment showed the case where AlN was used as a buffer layer, 

the material of the buffer layer is not limited thereto. For 
example, the buffer layer may be composed of binary compounds 
such as GaN and InN. Generally, it may be composed of a group 

III nitride compound semiconductor represented by the formula 
10 Al x Ga y N (O^x^l, O^y^l, x+y=l) (ternary compounds ) . Further, 

it may be composed of a group III nitride compound semiconductor 
represented by the formula Al a Ga b Ini_ a _bN (O^a^l, O^b^l, a+b 
^1) quaternary compounds. 

Each of the semiconductor layers is formed by a known 
15 MOCVD method. In the growth method, an ammonia gas and group 
III element alkyl compound gases such as trimethylga Ilium (TMG) , 
trimethylaluminum (TMA) and trimethylindium (TMI) are supplied 
onto a substrate heated to a suitable temperature and are 
subjected to a thermal decomposition reaction to thereby make 
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a desired crystal grown on the buffer layer 12 . It is a matter 
of course that the method for forming the semiconductor layers 
is not limited to the above description and that the 
semiconductor layers may be formed by a known MBE method. 

The structure of the light-emitting layer 14 is not limited 
to the super lattice structure . The structure may be of a single 
or double hetero type or of a homo- junction type .. Alternatively, 
the light-emitting layer may be formed by use of an MIS junction 
or a PIN junction. 

■A layer of Al x Ga Y lhi_ X -YN (O^X^l, O^Y^l, X+Y^l) doped 
with an acceptor such as magnesium and having a wide band gap 
may be interposed between the light-emitting layer 14 and the 
p-type layer 15 . This is because electrons imported into the 
light-emitting layer 14. are prevented from diffusing into the 
p-type layer 15. 

The p-type layer 15 may be of a double-layered structure 
with a p~ layer of low hole density on the light-emitting layer 
14 side and a p + layer of high hole density on the p-type electrode 
18 side. 

An n-type electrode 19 is constituted by two layers of 
Al and V. After the p-type layer 15 is formed, the p-type layer 
15, the light-emitting layer 14 and the n-type layer 13 are 
partially removed by etching . The n-type electrode 19 is formed 
on the exposed portion of the n-type layer 13 by vapor deposition . 

A transparent electrode 17 is composed of a thin film 
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containing gold. The transparent electrode 17 is laminated 
on the p-type layer 15 so as to cover the substantially whole 
upper surface of the p-type layer 15 . Also a p-type electrode 
18 is composed of a material containing gold. The p-type 
electrode 18 is formed on the transparent electrode 17 by vapor 
deposition . 

After the semiconductor layers and the electrodes are 
formed by the aforementioned process, the step of separating 
the laminate into chips is carried out. 

A reflection layer may be' provided between the 
light-emitting layer 14 and the substrate 11 or on a surface 
of the substrate 11 on which no semiconductor layer is formed. 
When such a reflection layer is provided, light emitted from 
the light-emitting layer 14 toward the substrate can be 
efficiently reflected toward a light extracting direction . As 
a result, improvement of light-emitting efficiency can be 
achieved. Figs. 3 and 4 show light-emitting devices 100 and 
101, respectively, each of which has such a reflection layer. 
Incidentally, in the light-emitting devices 100 and 101, parts 
the same as those in the light-emitting device 10 are referenced 
correspondingly . 

In the light-emitting device 100, a reflection layer 25 
is formed just under the light-emitting layer 14. In the 
light-emitting device 101, a reflection layer 2 6 is formed on 
a surface of the substrate 11 on which no semiconductor layer 



is formed . The reflection layer 25 is composed of metal nitride . 
Preferably, at least one member selected from the group 
consisting of titanium nitride, zirconium nitride and tantalum 
nitride may be used optionally as the metal nitride. Like the 
5 reflection layer 25, the reflection layer 26 can be composed 
of metal nitride. Alternatively, the reflection layer 2 6 may 
be composed of a single metal such as Al, In, Cu, Ag, Pt, Ir, 
Pd, Rh, W, Mo, Ti, Ni, or may be composed of an alloy containing 
a plurality of metals selected optionally from the 

10 aforementioned metals. 

The light-emitting device 10 is mounted onto a cup portion 
33 of a lead frame 30 through an adhesive agent 20 . The adhesive 
agent 20 is prepared as a silver paste which contains an epoxy 
resin, and silver as a filler mixed in the epoxy resin. Use 

15 of such a silver paste is suitable for improving radiation of 
heat from the light-emitting device 10. 

The cup portion 33 is filled with an epoxy resin 
(hereinafter referred to as "fluorescent material resin") 35 
containing a fluorescent material 36 dispersed therein 

20 uniformly. After wire bonding which will be described later, 
the cup portion 33 may be filled with the epoxy resin containing 
the fluorescent material 36. Alternatively, before the 
light-emitting device 10 is mounted onto the cup portion 33, 
a layer containing the fluorescent material 36 may be formed 

25 on a surface of the light-emitting device 10. For example, 
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the light-emitting device 10 may be dipped into the epoxy resin 
containing the fluorescent material 36 so that a fluorescent 
material resin layer is formed on a surface of the light-emitting 
device 10. Then, the light-emitting device 10 is mounted onto 
the cup portion 33 by use of the silver paste . Besides dipping , 
sputtering, coating, painting, may be used as a method for 
forming the fluorescent material resin layer. 

In this embodiment, ZnS:Cu, Au, Al (named "P22-GY" with 
an emission peak of 535 nm and made by KASEI OPTONIX Ltd. ) is 
used as the fluorescent material 36 . Although this embodiment 
showed the case where an epoxy resin was used as a base material 
for dispersing the fluorescent material 36, the base material 
is not limited to the epoxy resin. For example, a transparent 
material such as silicone resin, urea resin, glass, may be used 
as the base material. 

Although this embodiment showed the case where the 
fluorescent material 36 was dispersed into the fluorescent 
material resin 35 uniformly , the present invention may be applied 
also to the case where the concentration distribution of the 
fluorescent material 36 in the fluorescent material resin 35 
has a gradient. For example, epoxy resins different in the 
concentration of the fluorescent material 36 may be used so 
that a plurality of fluorescent material resin layers different 
in the concentration of the fluorescent material 36 are formed 
in the cup portion 33. Alternatively, the concentration of 



the fluorescent material 36 can be changed continuously. 

The fluorescent material resin 35 may contain a dif fuser 
such as titanium oxide, titanium nitride, tantalum nitride, 
aluminum oxide, silicon oxide, barium titanate. 

If a sealing resin 50 which will be described later 
contains the fluorescent material 36, the fluorescent material 
resin 35 can be omitted. That is, in this case, the cup portion 
33 is filled with the sealing resin 50 containing the fluorescent 
material 36 . Also in this case, the concentration distribution 
of the fluorescent material 36 in the sealing resin 50 can have 
a gradient in the same manner as in the fluorescent material 
resin 35. 

The p-type electrode 18 and the n-type electrode 19 in 
the light-emitting device 10 are wire-bonded to lead frames 
31 and 3 0 by wires 41 and 40 respectively. 

Then, the light-emitting device 10, a part of the lead 
frame 30, a part of the lead frame 31 and the wires 40 and 41 
are sealed by a sealing resin 50 composed of epoxy resin. The 
material of the sealing resin 5 0 is not particularly limited 
so long as the material is transparent. For example, besides 
the epoxy resin, silicon resin, urea resin or glass may be used 
preferably. From the point of view of adhesion to the 
fluorescent material resin 35 and refractive index, the sealing 
resin 50 is preferably composed of the same material as that 
of the fluorescent material resin 35. 



The sealing resin 50 -is provided for the purpose of 
protection of the device structure . When the shape of the 
sealing resin 50 is changed in accordance with the purpose, 
a lens effect can be given to the sealing resin 50 . For example, 
besides the bullet type shown in Fig. 1, a concave lens type, 
a convex lens type may be used as the molding type of the sealing 
resin 50. Further, the sealing resin 50 may be shaped like 
a circle, an ellipse or a rectangle viewed from the light 
extracting direction (upward in Fig. 1) . 

The fluorescent material 36 can be dispersed into the 
sealing resin 50 regardless of the case where the fluorescent 
material resin 35 is omitted. 

The sealing resin 50 may further contain a diffuser . The 
use of the diffuser can relax the directivity of light emitted 
from the light-emitting device 10. Examples of the diffuser 
to be used include titanium oxide, titanium nitride, tantalum 
nitride, aluminum oxide, silicon oxide, barium titanate. 

The sealing resin 50 may further contain a colorant. The 
colorant is used for preventing the fluorescent material from 
exhibiting a peculiar color when the light-emitting device 10 
is switched on or off. 

When light emitted from the light-emitting device 10 
contains a lot of wavelengths in an ultraviolet light region, 
an ultraviolet light absorber may be contained in the sealing 
resin 50 so that improvement of the life is achieved. 
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Incidentally, one member or a plurality of members 
optionally selected from the fluorescent material 36, the 
diffuser, the colorant and the ultraviolet light absorber can 
be contained in the sealing resin 50. 

In addition to the light-emitting device 10, any other 
light-emitting device may be used. A light-emitting device 
different in emission wavelength from the light-emitting device 
10 can be used as the other light-emitting device. Preferably, 
the other light-emitting device is provided as a light-emitting 
device having an emission wavelength which does not 
substantially excite the fluorescent material to emit light. 
The use of the other light-emitting device permits the 
light-emitting apparatus to emit also light of a color different 
from white. 

Further, a plurality of light-emitting devices each 
having the same configuration as the light-emitting device 10 
may be used for achieving improvement of luminance. 

The light-emitting apparatus 1 according to this 
embodiment can be used as a light source for lighting a specific 
member to be irradiated as well as the light-emitting apparatus 
1 is used as a light source in a display device , a signal machine , 
as will be described later . For example , a fluorescent material 
is used as the member to be irradiated. For use of the 
fluorescent material as the member to be irradiated, a 
fluorescent coating composition is applied onto the member to 
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be irradiated or is mixed with a material for forming the member 
to be irradiated. When the member to be irradiated is composed 
of fiber, fiber containing a fluorescent coating composition 
as an additional component is woven . When the member as a subject 
of irradiation is irradiated with light emitted from the 
light-emitting apparatus 1, the fluorescent material contained 
in the member as a subject of irradiation is particularly excited 
by light from the primary light source to emit peculiar light 
so that the surface design of the member as a subject of 
irradiation can be changed. 
Embodiment 2 

In a light-emitting apparatus 2 as an embodiment according 
to the first aspect of the present invention, a light-emitting 
device 150 is used as a light-emitting device. Fig. 5 is an 
enlarged view of a light-emitting device 150 used in the 
light-emitting apparatus 2 . Parts the same as those in the 
light-emitting apparatus 1 in Embodiment 1 are referenced 
correspondingly, and the description thereof will be omitted. 

The light-emitting device 150 is prepared in such a manner 
that the electrodes 17, 18 and 19 are eliminated from the 
light-emitting device 10 shown in Fig. 1 and the light-emitting 
device 10 is fixed onto Zener diode 151 of a silicone substrate 
in the form of a flip chip. The p-type GaN contact layer 15 
of the light-emitting device 10 is connected to a p-type region 
of the Zener diode 151 through a metal electrode layer 153. 



The material of the metal electrode layer 153 is not particularly 
limited so long as ohmic contact can be obtained between the 
Zener diode 151 and the p-typeGaN contact layer 15 . For example, 
a gold alloy, can be used as the material of the metal electrode 
layer 153 - The n-type GaN contact layer 13 of the light-emitting 
device 10 is connected to an n-type region of the Zener diode 
151 through a metal electrode layer 155. The material of the 
metal electrode layer 155 is not particularly limited so long 
as ohmic contact can be obtained between the Zener diode 151 
and the n-type GaN contact layer 13. For example, an aluminum 
alloy, can be used as the material of the metal electrode layer 
155. The p-type region of the Zener diode 151 is connected 
to the lead frame 31 by the wire 41. 
Embodiment 3 

Fig. 6 is a sectional view of a chip type LED 3 as an 
embodiment according to the first aspect of the present invention 
Parts the same as those in the light-emitting apparatus 1 in 
Embodiment 1 are referenced correspondingly and the description 
thereof will be omitted. The light-emitting device 10 is fixed 
into a box 6 0 by silver paste. The wires 40 and 41 connect 
the electrodes of the light-emitting device 10 to electrodes 
61 and 62, respectively, provided in the box 60. A sealing 
resin 65 is prepared by dispersing the fluorescent material 
36 of ZnS:Cu, Au, Al (named "P22-GY" with an emission peak of 
535 nm and made by KASEI OPTONIX Ltd.) uniformly into a 
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transparent substrate of epoxy resin, silicon resin, urea resin. 
The light-emitting device 10 and the wires 40 and 41 are covered 
with the sealing resin 65. The chip type LED 3 emits white 
light as a whole on the basis of mixture of the light emitted 
5 from the fluorescent material 36 excited by light emitted from 
the light-emitting device 10 and the light directly extracted 
from the light-emitting device 10. 
Embodiment 4 

Fig. 7 is a partly enlarged view of a display device 2 00 
10 using the light-emitting apparatus 1 (hereinafter referred to 

as "W— LED" ) shown in Embodiment 1 in combination with RGB LEDs . 

The display device 2 00 can be applied to a full-color LED display . 
The display device 200 has an approximately rectangular 

display portion 201. A matrix of LED units 202 each composed 
15 of RGB LEDs and a W-LED is disposed in the display portion 201. 

The arrangement of the LEDs in each of the LED units 202 can 

be selected optionally. 

A display method used in the display device 200 will be 

described below with reference to Fig. 8. Image data given 
20 from an input portion 210 is temporarily stored in an image 

data storagemeans 220 . Acontrol portion 230 includes a pattern 

selection circuit, a brightness modulation circuit and a light 

switching circuit which are not shown. The control portion 

230 outputs a control signal for controlling the on/off state 
25 of each of the LED units 202 in accordance with the image data 
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stored in the image data storage means 220 . Each of the LED 
units 202 is lighted with brightness and color on the basis 
of the control signal , so that a specific shape is displayed 
with specific brightness and color on the display portion 201. 

In the display device 200, each of the LED units 202 is 
composed of a combination of RGB LEDs and a W-LED. However, 
if LED units each composed of a W-LED alone are arranged in 
the form of a matrix to thereby form a display portion 201, 
it is possible to obtain a display device which can display 
any shape, with white (by switching on a W-LED) and black (by 
switching off a W-LED) . Also in this case, the brightness of 
each of the LED units can be controlled in tone so that the 
LED units can be applied to a monochrome LED display. 
Embodiment 5 

Fig. 9 is a view showing a vehicle signal machine 300 
using chip type LEDs 3 described above. The signal machine 
300 has a display portion 302. A matrix of chip type LEDs 3 
is disposed in the display portion 302 . In Fig . 9 , the reference 
numeral 301 designates abox. The display portion 302 iscovered 
with a transparent colored cover which is not shown . The on/off 
state of each of the LEDs 3 is controlled by a control means. 
White light generated when the LED 3 is turned on is colored 
visibly by passing through the transparent colored cover. It 
is a matter of course that a transparent colorless cover may 
be used for making the signal machine display white. Power 
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supply to the LEDs 3 is achieved by parallel or series connection 
of the respective LEDs 3. When the LEDs are series-connected, 
the LEDs 3 may be divided into a plurality of groups so that 
power is supplied to each group. When, for example, such LED 
groups are disposed concentrically in the display portion 302, 
the display portion 302 can be provided as a portion having 
the LEDs disposed circularly as a whole. Incidentally, control 
of the on/off state may be performed for each LED group. 

The use of such a matrix of chip type LEDs 3 to form a 
light source permits the light source to emit light with uniform 
brightness on the whole display portion. Hence, brightness 
irregularity caused by use of electric bulbs in the background 
art can be reduced. The control of the on/off state for each 
LED group in the aforementioned manner permits the display 
portion to perform display partially different in brightness. 

Incidentally, the method for arranging the chip type LEDs 
3 and the density in arrangement thereof can be selected 
optionally in accordance with purposes . 
Embodiment 6 

Figs. 10A and 10B show a linear light source 400 and a 
surface light source 500 using chip type LEDs 3 described above. 

The linear light source 400 roughly has a chip type LED 
3, a light guide 401, and a box 403. The light guide 401 is 
composed of epoxy resin. It is a matter of course that any 
other transparent resin, may be used as the light guide. The 



light guide 401 uniformly contains a diffuser not shown, so 
that uniform light emission can be made. Although this 
embodiment showed the case where a transparent light guide was 
used, the present invention may be applied also to the case 
where the light guide is colored so that the linear light source 
can be provided for emitting light of a specific color. 
Alternatively, a suitable fluorescent material may be contained 
in the light guide so that the linear light source can be provided 
for emitting light of a specific color on the basis of the 
fluorescent function of the fluorescent material . For example, 
the linear light source 400 can be used as an indicator in any 
kind of meter . 

The surface light source 500 has a box 503, a plurality 
of chip type LEDs 3 linearly arranged in the box 503, and a 
planar light guide 501 attached to the box 5 03 in a direction 
of light emission of the LEDs 3 . The light guide 501 is composed 
of epoxy resin containing a diffuser not shown. Reflection 
members may be disposed on the back of the light guide 501 and 
on a side in which the LEDs 3 are not disposed. The provision 
of such reflection members improves frontal light-emitting 
efficiency. Hence, for example, the surface light source can 
be utilized as a light source having brightness sufficient to 
be adapted to a back-lighting unit of a liquid-crystal monitor 
used in a personal computer. 
Embodiment 7 
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Fig. 11 is a view showing a color conversion filter 6 00 
using an LED 605. The- color conversion filter 600 roughly has 
an LED 6 05, a color conversion sheet 610, and a light guide 
layer 6 03. 

The LED 605 is configured in the same manner as in the 
light-emitting apparatus 1 according to Embodiment 1 except 
that the cup portion 33 is also filled with the sealing resin 
50 instead of the epoxy resin 35 containing the fluorescent 
material 36. Incidentally, the chip type LED may be used. 

The color conversion sheet 610 has a fluorescent material 
layer 601, and a transparent sheet 602 composed of transparent 
resin. The fluorescent material layer 601 is prepared by 
dispersion of a fluorescent material of ZnS:Cu, Au, Al (named 
"P22-GY" with an emission peak of 535 nm andmade by KASEI OPTONIX 
Ltd. ) into a transparent substrate of epoxy resin, silicon resin, 
urea resin. In this embodiment, PET is used as the material 
of the transparent sheet 6 02. The fluorescent material layer 
601 is preferably formed to have a finely rough surface. This 
is because the fluorescent material layer 601 and glass, disposed 
on an upper surface of the fluorescent material layer 601 are 
fitted to each other well to thereby prevent light from blurring 
in the interface therebetween. Also a contact surface of the 
transparent sheet 602 and the light guide layer 603 is preferably 
provided as a finely rough surface. This is because the 
transparent sheet 602 is prevented from coming into close contact 
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with the light guide layer 603 to thereby prevent light from 
blurring in the interface therebetween. 

The light guide layer 603 is composed of epoxy resin. 
It is a matter of course that the light guide layer 6 03 may 
5 be composed of any other transparent resin such as silicon resin . 
A reflection layer 604 is formed on a lower surface of the light 
guide layer 6 03 so that light is prevented from leaking out 
from the lower surface of the light guide layer 603 . The material 
of the reflection layer 6 04 is not particularly limited or the 

10 reflection layer 604 may be omitted. 

Light emitted from the LED 605 is incident on a side surface 
of the light guide layer 603 and extracted from the fluorescent 
material layer 601 side. When the light passes through the 
fluorescent material layer 6 01, a part of the light emitted 

15 from the LED 605 excites the fluorescent material to emit light. 
The light emitted from the fluorescent material and the light 
emitted from the LED 605 are mixed together so that white light 
as a whole is extracted. 

In addition to the LED 605, any other LED different in 

20 emission wavelength from the LED 605 may be used as a different 
light source. In this case, the color conversion filter can 
be provided as a filter which can emit light of various colors 
in accordance with the on/off control over the LEDs . 
Embodiment 8 

25 Fig. 12 is a view showing a cap type light-emitting 
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apparatus 7 00 as an embodiment according to the first aspect 
of the present invention. Parts the same as those in the 
light-emitting apparatus 1 according to Embodiment 1 are 
referenced correspondingly and the description thereof will 
be omitted. 

The light-emitting apparatus 7 00 is configured in the 
same manner as in the light-emitting apparatus 1 except that 
the cup portion 33 is not filled with the resin containing the 
fluorescent material and that a fluorescent material layer 710 
composed of epoxy resin containing a fluorescent material 36 
is formed to cover the sealing resin 50. 

Being transmitted through the fluorescent material layer 
710, a part of light emitted from the light-emitting device 
10 excites the fluorescent material 36 to emit light . The light 
emitted from the fluorescent material 36 and the light 
transmitted through the fluorescent material layer 710 and 
extracted directly from the light-emitting device 10 are mixed 
together, so that the light-emitting apparatus 7 00 emits white 
light as a whole. The fluorescent material layer 710 is formed 
so that the thickness of its upper portion 715 and the thickness 
of its side portion 713 are different from each other. The 
upper portion of the fluorescent material layer 710 mainly in 
a light extracting direction is thickened so that the 
light-emitting apparatus 7 00 can emit light uniformly as a whole . 

After the sealing resin 5 0 is formed, the fluorescent 



material layer 710 is formed by molding, in the same manner 
as the sealing resin 50 so that the sealing resin 50 is covered 
with the fluorescent material layer 710. Alternatively, a 
resin containing the fluorescent material 36 and shaped like 
a cap may be prepared so that the resin can be applied onto 
the sealing resin 50 so that a fluorescent material layer 710 
is formed after formation of the sealing resin 50. 

Besides the epoxy resin in this embodiment, a 
thermosetting resin such as urea resin, a thermoplastic resin 
such as polyethylene may be used as the material of the 
fluorescent material layer 710. 

The fluorescent material layer 710 may further contain 
a diffuser such as titanium oxide, titanium nitride, tantalum 
nitride, aluminum oxide, silicon oxide, barium titanate. 
Embodiment 9 

Fig. 13 is a view showing a light-emitting apparatus 750 
as an embodiment according to the second aspect of the present 
invention. Parts the same as those in the light-emitting 
apparatus 1 according to Embodiment 1 are referenced 
correspondingly and the description thereof will be omitted. 

Specifications of respective layers in the 
light-emitting device 10 are as described in Embodiment 1 . Like 
Embodiment 1, the light-emitting device 10 can be used as a 
device having a reflection layer as shown in Fig. 3 or 4 . 

The cup portion 3 3 is filled with epoxy resin ( hereinafter 
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referred to as "fluorescent material resin") 802 containing 
two kinds of fluorescent materials 801 and 803 uniformly 
dispersed therein . In this embodiment, the ratio of the amount 
of the fluorescent material 801 to the amount of the fluorescent 
5 material 803 is set to be in a range of from 4:1 to 6:1. The 
cup portion 33 may be filled with the fluorescent material resin 
802 after wire bonding as will be described later. 
Alternatively, before the light-emitting device 10 is mounted 
onto the cup portion 33, a layer containing the fluorescent 

10 materials 801 and 803 may be formed on a surface of the 

light-emitting device 10. For example, the light-emitting 
device 10 may be dipped into the epoxy resin containing the 
fluorescent materials so that the fluorescent material resin 
layer is formed on a surface of the light-emitting device 10 

15 and then the light-emitting device 10 is mounted onto the cup 
portion 33 by use of silver paste. Besides dipping, sputtering, 
coating, painting may be used as the methqd for forming the 
fluorescent material resin layer. 

Incidentally, a configuration in which fluorescent 

20 material resin layers 802 and 804 containing fluorescent 
materials 801 and 803 dispersed therein respectively are 
laminated successively on the cup portion 33 may be used as 
in a light-emitting apparatus 760 shown in Fig. 14. 

ZnS:Cu, Al (named "P22-GN4" with an emission peak of 530 

25 nm and made by KASEI OPTONIX Ltd. ) was used as the fluorescent 
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material 801. Although this embodiment showed the case where 
epoxy resin was used as a base material for dispersing the 
fluorescent materials 801 and 803, the base material is not 
limited to the epoxy resin. For example, a transparent material 
such as silicon resin, urea resin, glass, may be used. CaS:Eu 
(named "RAS" with an emission peak of about 645 nm and made 
by NEMOTO & CO., Ltd.) was used as the fluorescent material 
803. The fluorescent material 803 emits pink light when it 
is excited by blue or blue-green light. 

Although this embodiment showed the case where the 
fluorescent materials 801 and 803 were uniformly dispersed into 
the fluorescent material resin layer 8 02 , the present invention 
may be applied also to the case where the concentration 
distributions of the fluorescent materials are changed stepwise 
or continuously with gradients respectively. For example, 
transparent resins different in the amounts (concentrations) 
of the fluorescent materials 801 and 803 may be laminated 
successively onto the cup portion 33 so as to cover the 
light-emitting device 10. Like Embodiment 1, the fluorescent 
material resin layer 802 may contain any kind of diffuser. 
Alternatively, like Embodiment 1, the sealing resin 50 may 
contain the fluorescent materials 801 and 803 so that the 
fluorescent material resin layer 8 02 can be omitted. 

The n-type and p-type electrodes 18 and 19 of the 
light-emitting device 10 are wire-bonded to lead frames 30 and 
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31 by wires 41 and 40 respectively. Then, the light-emitting 
device 10, a part of the lead frame 30, a part of the lead frame 
31 and the wires 40 and 41 are sealed by the sealing resin 5 0 
composed of epoxy resin. Like Embodiment 1, any suitable 
material and shape may be used as the material and shape of 
the sealing resin 50 . Also like Embodiment 1 , the sealing resin 
50 may contain a diffuser, a colorant or an ultraviolet light 
absorber . 

In addition to the light-emitting device 10, a red 
light-emitting device may be used. For example, such a red 
light-emitting device is disposed into the cup portion 33 so 
as to be adjacent to the light-emitting device 10. 
Alternatively, the red light-emitting device may be mounted 
onto a lead frame provided separately. 

The use of the red light-emitting device can compensate 
for the shortage in the red component of the color of the light 
emitted from the light-emitting apparatus 750, so that 
higher-quality white light can be emitted . Moreover , the color 
of the light emitted from the light-emitting apparatus 750 can 
be changed by the on/off control of the red light-emitting 
device . 

Moreover, any other light-emitting device than the red 
light-emitting device may be used additionally. The use of 
the other light-emitting device permits the light-emitting 
apparatus to emit also light of a color different from white. 



Moreover, a plurality of light-emitting devices 10 may 
be used for achieving improvement of brightness. 

The light-emitting apparatus 750 according to this 
embodiment is used as a light source in a display device, a 
signal machine . Like the light-emitting apparatus 1 according 
to Embodiment 1, the light-emitting apparatus 750 is used as 
a light source for irradiating a specific member as a subject 
of irradiation. 
Embodiment 1 0 

Fig. 15 is a view showing a light-emitting apparatus 800 
as an embodiment according to the second aspect of the present 
invention. Parts the same as those in the light-emitting 
apparatus 1 according to Embodiment 1 or the light-emitting 
apparatus 750 according to Embodiment 9 are referenced 
correspondingly and the description thereof will be omitted. 

Specifications of respective layers in the 
light-emitting device 10 are as explained in Embodiment 1 . Like 
Embodiment 1, the light-emitting device can be provided as a 
device having a reflection layer as shown in Fig. 3 or 4 . 

A light-emitting device 8 1 0 is a red light-emitting device 
using a gallium-aluminum-arsenic material. Fig. 16 shows the 
configuration of the light-emitting device 810. 

The light-emitting devices 10 and 810 are adjacently 
mounted onto the cup portion 33 of the lead frame 30 through 
adhesive agents 20 and 825 respectively. 
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The cup portion 33 is filled with epoxy resin ( hereinafter 
referred to as "fluorescent material resin") 805 containing 
the fluorescent material 801 dispersed therein uniformly. 
After wire bonding as will be described later, the cup portion 
33 may be filled with the epoxy resin containing the fluorescent 
material 801. Alternatively, before the light-emitting 
devices 10 and 810 are mounted onto the cup portion 33, a layer 
containing the fluorescent material 801 may be formed on a 
surface of the light-emitting device 10. For example, the 
light-emitting device 10 may be 'dipped into the epoxy resin 
containing the fluorescent material 801 so that a fluorescent 
material resin layer is formed on a surface of the light-emitting 
device 10 and then the light-emitting device 10 may be mounted 
onto the cup portion 33 by use of silver paste . Besides dipping , 
sputtering, coating, painting, may be used as the method for 
forming the fluorescent material resin layer. 

The p-type and n-type electrodes 18 and 19 of the 
light-emitting device 10 are wire-bonded to lead frames 30 and 
31 by wires 41 and 40 respectively. An n-type electrode 815 
of the light-emitting device 810 is connected to the lead frame 
31 by a wire 820. 

Then, the light-emitting devices 10 and 810, a part of 
the lead frame 30, a part of the lead frame 31 and the wires 
40, 41 and 820 are sealed by the sealing resin 50 composed of 
epoxy resin . Like Embodiment 1 , any suitable material and shape 
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can be used as the material and shape of the sealing resin 50. 
Also like Embodiment 1, the sealing resin 50 may contain a 
diffuser, a colorant or an ultraviolet light absorber. 

In addition to the light-emitting devices 10 and 810, 
any other light-emitting device may be used. A light-emitting 
device different in emission wavelength from the light-emitting 
devices 10 and 810 is used as the other light-emitting device. 
Preferably, a light-emitting device having an emission 
wavelength which does not substantially excite the fluorescent 
material to emit light is used as the other light-emitting device 
The use of the other light-emitting device permits the 
light-emitting apparatus to emit also light of a color different 
from white. 

Moreover, a plurality of light-emitting devices 10 and 
810 may be used for achieving improvement of brightness. 

Although this embodiment showed the case where the 
light-emitting devices 10 and 810 were mounted onto the cup 
portion 33 of one lead frame 30, the present invention may be 
applied also to the case where the light-emitting device 810 
is mounted onto a cup portion 833 of a lead frame 830 provided 
separately as in a light-emitting apparatus 806 shown in Fig. 
17. In this case, the n-type electrode 815 of the light-emitting 
device 810 is connected to a lead frame 831. According to such 
a configuration, power supply to the light-emitting devices 
10 and 810 is performed through different lead frames 
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respectively. Hence, the respective emission modes of the 
light-emitting devices can be controlled individually, so that 
the color of light emitted from the light-emitting apparatus 
as a whole can be adjusted. Alternatively, the lead frame 831 
may be omitted and the n-type electrode 815 of the light-emitting 
device 810 may be connected to the lead frame 31. 

Although the light-emitting devices 10 and 810 and the 
lead frames 30, 31, 830 and 831 are sealed by the sealing resin 
50 in the light-emitting apparatus 806 so as to be integrally 
formed, the light-emitting devices and corresponding lead 
frames may be sealed individually by sealing resins provided 
separately, respectively. 

The light-emitting apparatus 800 and 806 according to 
this embodiment is used as a light source in a display device, 
a signal machine. Like the light-emitting apparatus 1 
according to Embodiment 1, the light-emitting apparatus 800 
or 806 is used as a light source for irradiating a specific 
member as a subject of irradiation. 
Embodiment 11 

Fig. 18 is a sectional view of a chip type LED 807 as 
an embodiment according to the second aspect of the present 
invention. Parts the same as those in the light-emitting 
apparatus 8 00 according to Embodiment 10 are referenced 
correspondingly and the description thereof will be omitted. 

The light-emitting devices 10 and 810 are fixed into a 
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box 860 by use of silver paste. Wires 40 and 41 connect the 
electrodes of the light-emitting device 10 to electrodes 861 
and 862, respectively , provided in the box. A wire 820 connects 
the n-type electrode 815 of the light-emitting device 810 to 
5 an n-type electrode of the light-emitting device 10 . Of course, 
the n-type electrode 815 of the light-emitting device 810 may 
be connected directly to the electrode 861 by the wire 82 0. 
A sealing resin 865 is prepared by dispersing a fluorescent 
material 801 of ZnS:Cu, Al (named "P22-GN4" with an emission 

10 peak of 530 nm and made by KASEI OPTONIX Ltd. ) uniformly into 
a transparent substrate such as epoxy resin, silicon resin, 
urea resin . The light-emitting devices 10 and 810 and the wires 
40, 41 and 820 are covered by the sealing resin 865. A part 
of light emitted from the light-emitting device 10 is converted 

15 into green light by the fluorescent material 801. The green 
light , the blue light extracted directly from the light-emitting 
device 10, and the red light emitted from the light emitting 
device 810 are mixed together, so that white light is extracted 
as a whole. 

2 0 Embodiment 12 

Fig. 19 is a front view of a surface light source 900 
using the chip type LED 807 . Fig. 2 0 is a sectional view taken 
along the line I-I in Fig. 19. The surface light source 900 
is preferably used as a back-lighting unit for a full-color 

25 liquid-crystal display. 
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The surface light source 900 has a light source portion 
901, a first light guide plate 902 shaped like a rod, and a 
second light guide plate 9 03 shaped like a plane- The light 
source portion 901 includes the chip type LED 807 as a light 
5 source. 

The chip type LED 807 is an LED according to Embodiment 
11 and emits white light. Although this embodiment showed the 
case where light emitted from the LED 807 was imported into 
the first light guide plate 902 from a side (surface 9 02a side) , 

10 it is a matter of course that the present invention is not limited 
thereto. For example, the light source portion 901 may be 
provided under the first light guide plate 9 02 so that light 
can be imported into the first light guide plate 902 from below 
(surface 9 02c side) the first light guide plate 902. 

15 The number of the LEDs 8 07 to be used is not limited. 

For example, a plurality of LEDs 8 07 may be used. 

The first light guide plate 9 02 is composed of a 
transparent material. Examples of the transparent material 
to be used are methacrylic resin, polycarbonate resin. Light 

20 emitted from the LED 807 is imported into the first light guide 
plate 902 from a light entrance surface 902a facing the LED 
8 07 . The imported light is released from a light release surface 
902b facing the second light guide plate 903. Side surfaces 
902c, 902d and 902e of the first light guide plate 902 other 

25 than the light entrance surface 902a and the light release 
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surface 902b are surface-roughened to thereby form a light 
reflection layer 910 so that light can be released uniformly 
from the light release surface 9 02b and that light can be 
prevented from leaking out from the side surfaces. Examples 
of the surface-roughening process are etching, sandblasting, 
electric discharging. The surface-roughening process may be 
replaced by white printing or white tape sticking in order to 
form such a light reflection layer 910. The light reflection 
layer 910 is preferably formed so that its density decreases 
as its location comes nearer the LED 807 and that its density 
increases continuously or stepwise as its location goes farther 
from the LED 807. In this manner, efficient light reflection 
and diffusion can be performed in a region far from the LED 
807. As a result, light can be released uniformly as a whole 
regardless of the distance from the LED 807. 

The light released from the light release surface 902b 
of the first light guide plate 902 is imported into the second 
light guide plate 903 from a light entrance surface 9 03a of 
the second light guide plate 903 . The second light guide plate 
903 is composed of a transparent material. For example, like 
the first light guide plate, the second light guide plate 9 03 
may be composed of methacrylic resin, polycarbonate resin. 

The light imported from the light entrance surface 9 03a 
is released out from a light release surface 903b. A light 
reflection layer 920 is formed on a side surface 903c of the 
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second light guide plate 903 opposite to the light release 
surface 9 03b, by surface-roughening, white printing or white 
tape sticking. Examples of the surface-roughening process are 
etching, sandblasting, electric discharging. The light 
5 reflection layer 920 is preferably formed so that its area or 
density increases as its location goes farther from the light 
entrance surface 9 03a. In this manner, light can be reflected 
and diffused efficiently in a region far from the light entrance 
surface 9 03a, so that light can be released from the light release 

10 surface 903b uniformly as a whole. 

Although this embodiment showed the case where the LED 
807 was used as a light source, it is a matter of course that 
the LED 8 07 may be replaced by the light-emitting apparatus 
750 or 760 according to Embodiment 9 . Alternatively, the white 

15 LED may be replaced by a combination of a blue LED and a red 
LED as a light source. In this case, a color conversion layer 
containing a fluorescent material is provided separately. For 
example, such a color conversion layer may be provided between 
the light source portion 901 and the first light guide plate 

20 9 02 or between the first and second light guide plates 9 02 and 
903. Alternatively, a fluorescent material may be dispersed 
into the first light guide plate 902 so that a color conversion 
layer is formed. 

According to such a configuration, when light emitted 

25 from the blue LED passes through the color conversion layer, 
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a part of the light excites -the fluorescent material to emit 
green light. The green light, the blue light emitted from the 
blue LED and the red light emitted from the red LED are mixed 
together to thereby generate white light . The mixture of light 
is performed more efficiently when a light dif fuser is dispersed 
into the color conversion layer. Alternatively, a light 
dif fuser may be dispersed into the first light guide plate 902 
so that the mixture of light can be performed in the first light 
guide plate 902. More alternatively, a light diffusing layer 
may be provided separately. 

Although the preferred embodiments of the light-emitting 
apparatus according to the second aspect of the present invention 
have been described, application of the light-emitting 
apparatus according to the second aspect is not limited to the 
aforementioned embodiments. For example, the light-emitting 
apparatus according to the second aspect may be applied also 
to a display device, a signal machine, a linear light source, 
a surface light source, a color conversion filter or a cap type 
light-emitting apparatus as an embodiment according to the first 
aspect of the present invention. 

The present invention is not limited to the mode for 
carrying out the invention and the embodiment thereof at all, 
and includes various modifications which can be conceived easily 
by those skilled in the art, without departing from the scope 
of claim. 
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WHAT IS CLAIMED IS : 

1 . A light-emitting apparatus comprising: 

a primary light source including a semiconductor 
light-emitting device with an emission wavelength of from 380 
nm to 500 nm; and 

a secondary light source including a fluorescent material 
composed of ZnS:Cu, Au, Al; 

wherein said secondary light source emits light based 
on light given from said primary light source so that light 
of said secondary light source and the light of said primary 
light source are mixed together to thereby generate light 
different in luminescent color from the light emitted from said 
primary light source. 

2. A light-emitting apparatus according to claim 1, 
wherein said fluorescent material is dispersed into a first 
layer composed of a light-transmissible material, 

a part of the light emitted from said primary light source 
is transmitted through said first layer, and 

the other part of the light emitted from said primary 
light source is absorbed by said fluorescent material so that 
said fluorescent material emits light and the light emitted 
from said fluorescent material and the light emitted from said 
primary light source are mixed together to thereby generate 
light different in luminescent color from the light emitted 



from said primary light source. - 

3. A light-emitting apparatus according to claim 2, 
wherein said first layer comprises at least one member selected 
from the group consisting of epoxy resin, silicone resin, urea 
resin and glass. 

4. A light-emitting apparatus according to claim 2, 
wherein said light-emitting device is fixed to a cup portion 
of a lead frame, and said first layer is formed so that said 
light-emitting device fixed to said cup portion is covered with 
said first layer. 

5. A light-emitting apparatus according to claim 4, 
wherein a sealing member is provided so that said light-emitting 
device, said first layer and a part of said lead frame are covered 
with said sealing member. 

6. A light-emitting apparatus according to claim 5, 
wherein said sealing member is composed of at least one member 
selected from the group consisting of epoxy resin, silicone 
resin, urea resin and glass. 

7. A light-emitting apparatus according to claim 5, 
wherein said sealing member is shaped like a bullet. 
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8. A light-emitting apparatus according to claim 2, 
wherein an amount of said fluorescent material changes 
continuously or stepwise as location of said fluorescent 
material in said first layer comes nearer said light-emitting 
device. 

9- A light-emitting apparatus according to claim 5, 
wherein said first layer and said sealing member are composed 
of the same material. 

10. A light-emitting apparatus according to claim 2, 
wherein said light-emitting device is of a chip type, and 
said first layer is formed so as to cover said light-emitting 
device . 

11. A light-emitting apparatus comprising: 

a primary light source including a semiconductor 
light-emitting device with an emission wavelength of from 38 0 
nm to 500 nm; and 

a secondary light source including a fluorescent material 
composed of at least one member selected from the group 
consisting of ZnS:Eu, YV0 4 :Ce and Y 2 0 2 S:Ce; 

wherein said secondary light source emits light based 
on light given from said primary light source so that light 
of said secondary light source and the light of said primary 



light source are mixed together to thereby generate light 
different in luminescent color from the light emitted from said 
primary light source. 

12. A light-emitting apparatus according to claim 11, 
wherein said fluorescent material is dispersed into a first 
layer composed of a light-transmissible material, 

a part of the light emitted from said primary light source 
is transmitted through said first layer, and 

the other part of the light emitted from said primary 
light source is absorbed by said fluorescent material so that 
said fluorescent material emits light and the light emitted 
from said fluorescent material and the light emitted from said 
primary light source are mixed together to thereby generate 
light different in luminescent color from the light emitted 
from said primary light source. 

13. A light-emitting apparatus according to claim 12, 
wherein said first layer comprises at least one member selected 
from the group consisting of epoxy resin, silicone resin, urea 
resin and glass. 

14. A light-emitting apparatus according to claim 12, 
wherein said light-emitting device is fixed to a cup portion 
of a lead frame, and said first layer is formed so that said 



54 



light-emitting device fixed to said cup portion is covered with 
said first layer. 

15. A light-emitting apparatus according to claim 14, 
wherein a sealing member is provided so that said light-emitting 
device, said first layer and a part of said lead frame are covered 
with said sealing member. 

16. A light-emitting apparatus according to claim 15, 
wherein said sealing member is composed of at least one member 
selected from the group consisting of epoxy resin, silicone 
resin, urea resin and glass. 

17. A light-emitting apparatus according to claim 15, 
wherein said sealing member is shaped like a bullet. 

18. A light-emitting apparatus according to claim 12, 
wherein an amount of said fluorescent material changes 
continuously or stepwise as location of said fluorescent 
material in said first layer comes nearer said light-emitting 
device . 

19. A light-emitting apparatus according to claim 15, 
wherein said first layer and said sealing member are composed 
of the same material. 
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20. A light -emitting apparatus according to claim 12, 
wherein said light-emitting device is of a chip type, and 
said first layer is formed so as to cover said light-emitting 
device . 

5 

21. A light-emitting apparatus comprising: 

a first light source including a semiconductor 
light-emitting device for emitting blue light; 

a second light source including a first fluorescent 
10 material for absorbing light of said primary light source and 
emitting green light; and 

a third light source for emitting red light; 
wherein the light of said first light source, light of 
said second light source and light of said third light source 
15 are mixed together to thereby generate white light. 

22. A light-emitting apparatus according to claim 21, 
wherein said first fluorescent material is composed of at least 
one member selected from the group consisting of ZnS:Cu, Au, 

20 Al; ZnS:Cu, Al; ZnS:Cu; ZnS:Mn; ZnS:Eu; YV0 4 :Eu; YV0 4 :Ce; 
Y 2 0 2 S:Eu and Y 2 0 2 S:Ce. 

23. A light-emitting apparatus according to claim 21, 
wherein said third light source includes a second fluorescent 

25 material for absorbing the light of said first light source 
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and emitting red light. 



24. A light-emitting apparatus according to claim 23, 
wherein said second fluorescent material is composed of CaS :Eu . 

25. A light-emitting apparatus according to claim 21, 
wherein said third light source includes a semiconductor 
light-emitting device for emitting red light. 

26. A light-emitting apparatus according to claim 21, 
wherein said fluorescent material is dispersed into a first 
layer composed of a light-transmissible material, 

a part of the light emitted from said first light source 
is transmitted through said first layer, and 

the other part of the light emitted from said first light 
source is absorbed by said fluorescent material so that said 
fluorescent material emits light and the light emitted from 
said fluorescent material and the light emitted from said first 
light source are mixed together to thereby generate light 
different in luminescent color from the light emitted from said 
first light source. 

27. A light-emitting apparatus according to claim 26, 
wherein said first layer comprises at least one member selected 
from the group consisting of epoxy resin, silicone resin, urea 



resin and glass. 

28. A light-emitting apparatus according to claim 26, 
wherein said light-emitting device is fixed to a cup portion 
of a lead frame, and said first layer is formed so that said 
light-emitting device fixed to said cup portion is covered with 
said first layer. 

29 . A light-emitting apparatus according to claim 28, 
wherein a sealing member is provided so that said light-emitting 
device , said first layer and a part of said lead frame are covered 
with said sealing member. 

30. A light-emitting apparatus according to claim 29, 
wherein said sealing member is composed of at least one member 
selected from the group consisting of epoxy resin, silicone 
resin, urea resin and glass. 

31. A light-emitting apparatus according to claim 29, 
wherein said sealing member is shaped like a bullet. 

32. A light-emitting apparatus according to claim 26, 
wherein an amount of said fluorescent material changes 
continuously or stepwise as location of said fluorescent 
material in said first layer comes nearer said light-emitting 
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device. 

33. A light-emitting apparatus according to claim 29, 
wherein said first layer and said sealing member are composed 

5 of the same material. 

34. A light-emitting apparatus according to claim 26, 
wherein said light-emitting device is of a chip type, and 
said first layer is formed so as to cover said light-emitting 

10 device. 
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ABSTRACT OF THE DISCLOSURE 
A novel configuration of a light-emitting apparatus that 
can emit white light, in which a primary light source composed 
of a group III nitride compound semiconductor is used in 
combination with a secondary light source including a 
fluorescent material which emits light of a green luminescent 
color when the fluorescent material is excited by light emitted 
from the primary light source. A tertiary light source for 
emitting red light may be further used in combination with the 
primary and secondary light sources . 
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^ persons no longer with mar firm and to act and rely on instructions from and communicate directly with the person/assignee/anomey/firm/ 

-~- organization who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure to be 
represented unless/until I instruct the above Firm and/or a below attorney in writing to the contrary. 



Paul N. Kolculis 
Raymond F. Lippitt 
G. Lioyd Knight 
Carl G. Love 
Edgar H. Martin 
William K. West. Jr. 
Kevin E. Joyce 
Edward M. Prince 



16773 
17519 
17658 



IS 



20534 
22057 
20508 
22429 



David W. Brinkman 
George M. Sinlla 
Donald J. Bird 
W. Warren Taltavull 
Peter W. Gowdey 
Dale S. Lazar 
Glenn J. Perry 
Kendrew H. Colton 



20817 
18221 
25323 
25647 
25872 
28872 
28458 
30368 



1. INVENTOR'S SIGNATURE: 

Inventor's Name (typed) Yu j i 



Residence (City) 



First 

Nishikasucrai-crun 



Chris Comuntzis 
Lawrence Harbin 
Paul E. White, Jr. 
Michelle N. Lester 
Jeffrey A. Simenaue 
Robert A. Molan 
G. Paul Edgell 
Lynn E. Eccleston 



31097 
27644 
32011 
32331 
31993 
29834 
24238 
35861 



David A. Jakopin 
Mark G. Paulson 
James D. Berquist 
Timothy J. Kluna 
John P. Moran 
Stephen C. Glazier 
Paul F. McQuade 



32995 
30793 
34776 
34852 
30906 
31361 
31542 



Middle Initial 

(State/Foreign Country) 



TAKAHASHI 



.Date August 22, 2000 



Family Name 

Aichi , Japan 



Japan 



Country of Citizenship 



- ■>' ^^^^^^ — >,u.. ijunctr-urcign uounn-v) fticni , Japan 

Post Office Address (include 2.p Code) _sZ QjTOYODA GOSEI CO.. LTD.. 1 , Naaaha fa . Ochiai . Ha^nhi^hrT 



2. INVENTOR'S SIGNATURE: 
Inventor's Name (typed) 



Koi nhi 



Residence (City) Nishikasuqai-gun 



.Middle Initial 

(State/Foreign 



OTA 



Date August 22, 2000 



Family Nan 

Aichi , Japan 



Japan ., 



Country of Otizensr.-.D 



Post Office Address (include Zip Code) c/o TOYODA Of^T CO . T ,TP 1 , Naaahata ' o.h^i . H ,n,n^-^ 



. INVENTOR'S SIGNATURE: 
Inventor's Name (typed) 



NishLkasugai-gun y v Aichi , Japan 



Naoki 



Residence (City) _ 



First 

Nishikasuqai-gun 



Middle Initial 

(State/Foreig 



Date August 22, 2 0 0 0 

YOSH1MUKA j a p an 



Post Office Address (Include Zip Code) c/o TOYODA GOSEI CO 



Country) 



Family Name 

Aichi, Japan 



.• of Cinzenshio 



(FOR ADDITIONAL INVENTORS, 
residence and address.) 



Nishikasugai-gun, Aichi, japan 

:heck box [ X ] and attach sheet (CDC-116.2) for same informario 



LTD., l. Haaaha ta, Ochiai, Haruhi-cho. 



for each re sign: 



DECLARATION AND POWER OF ATTORNEY 

(continued) 
ADDITIONAL INVENTORS: 



R'S SIGNATURE: ^Lunctte^A^, ()L$^ndl: 

m. • 1\ T7 1 1_ J^J 1 



4. INVENTORY 

Inventor's Name (typed) Kuniyoshi^ 



KONDO 



Page 2 



August 22. 
Date 20 0 6 



First Middle Initial Family Name Country of Citizenship 

Residence (City) Nishikasugai-gun (State /Foreign Countrv)Aichi , Japan 



c/o TOYODA GOSEI CO., LTD., 1, Nagahata, O 
Post Office Address (Include Zip Code) Haruhi-cho f Nisbikafingai-gnrij A ir-Fi-i,. Japan 



Ochiai , 



5. INVENTOR'S SIGNATURE:, 
Inventor's Name (typed) 



First 



Residence (City)_ 



Post Office Address (Include Zip Code)_ 

S. INVENTOR'S SIGNATURE: 

n Inventor's Name (typed) 



First 



Residence (City)_ 



-Post Office Address (Include Zip Code)_ 

7. INVENTOR'S SIGNATURE: 

Inventor's Name (typed) 



First 



Residence (City)_ 



Post Office Address (Include Zip Code)_ 

8. INVENTOR'S SIGNATURE: 

Inventor's Name (typed) 



First 



Residence (City)_ 



Post Office Address (Include Zip Code)_ 

9. INVENTOR'S SIGNATURE: 

Inventor's Name (typed) 



First 



Residence (City)_ 



Post Office Address (Include Zip Code)_ 



Date 



Middle Initial Family Name Country of Citizenship 
(State/Foreign Country) 



Date 



Middle Initial Family Name Country of Citizenship 
(State /Foreign Country) 



Date 



Middle Initial Family Name Country of Citizenship 
(State /Foreign Country) 



Date 



Middle Initial Family Name Country of Citizenship 
(State /Foreign Country) 



Date 



Middle initial Family Name Country of Citizenship 
(State /Foreign Country) 



FOR ADDITIONAL INVENTORS, check box ^ and attach sheet with same information and signature and date for 
each. 



CDC-116.2 8/92 



